The aim of this study was to systematically evaluate the literature on adverse events associated with auricular therapy (AT). Case reports, case series, surveys, and all types of clinical trials reporting adverse events of AT were included. Relevant articles were mainly retrieved from 13 electronic databases and seven Chinese journals on complementary medicine. AT-related adverse events were reported in 32 randomized controlled trials, five uncontrolled clinical trials, four case reports, and two controlled clinical trials. For auricular acupuncture, the most frequently reported adverse events were tenderness or pain at insertion, dizziness, local discomfort, minor bleeding and nausea, and so forth. For auricular acupressure, local skin irritation and discomfort, mild tenderness or pain, and dizziness were commonly reported. Skin irritation, local discomfort, and pain were detected in auricular electroacupuncture, and minor infection was identified in auricular bloodletting therapy. Most of these events were transient, mild, and tolerable, and no serious adverse events were identified. Our findings provide preliminary evidence that AT is a relatively safe approach. Considering the patient's safety, prospective or retrospective surveys are needed in future research to gather practitioner-reported and patient-reported adverse events on AT, and the quality of adverse events reporting in future AT trials should be improved.
Introduction
Being one of the most popular complementary therapeutic approaches, auricular therapy (AT) is defined as "a health care modality whereby the external surface of the ear, or auricle, is stimulated to alleviate pathological conditions in other parts of the body" [1] . The earliest record of AT can trace back to 500 to 300 B.C. in ancient China, where the Yellow Emperor's Inner Canon (Huangdi Neijing) described that the ear is not isolated but intimately connected with the five viscera and the six bowels [2] . The modern system of AT was developed by the French neurologist Paul Nogier in the late 1950s, and it is recognized that the outer ear has a somatotopic arrangement with an inverted fetus pattern and each internal organ is corresponding to a sensitive point located in the auricle [3] . AT could produce a therapeutic effect for treating various types of disorders by stimulating the particular acupoint which corresponds to the targeted part of the body or organ [4] . Various modalities are adopted in AT practice including auricular acupuncture, acupressure, moxibustion, injection, and auricular bloodletting therapy.
The WHO recognizes AT as a microacupuncture system that can produce a positive impact on regulating the whole body function [5] , and its therapeutic effect has been investigated in a wide range of health problems in both oriental and western countries. Clinical trials and systematic reviews have shown that AT can be a promising modality in relieving preoperative anxiety [6] , psychosomatic disorders [7] , and various types of pain [8] , managing hypertension [9] and cocaine dependence [10] , and controlling obesity [11] . The wide use of AT in clinical practice requires continual safety evaluation. It is said that the popularity of AT is partially attributed to its convenience and safety, and in some oriental countries, AT is usually conducted by healthcare professionals only with AT short-term training or even by unqualified practitioners without any experience in performing AT [12] . However, this kind of intervention is not entirely risk-free, where adverse events, such as chest tightness, dizziness, perichondritis, and nausea, are also reported in the literature [13] ; meanwhile, when applying AT to special populations such as pregnant women and immunocompromised patients, Evidence-Based Complementary and Alternative Medicine unwanted miscarriage and infection could have occurred [13] .
The ear possesses abundant capillaries which make it highly vulnerable to skin inflammations and other infections [13] . To minimize potential harms caused by AT, practitioners need to strictly follow standardized procedures of AT administration as well as fully understand the potential adverse events associated with it. It is important to assess the safety of AT in clinical practice. Unfortunately, different from other traditional therapies such as body acupuncture, moxibustion, and cupping, whose safety is well analyzed in surveys and/or systematic reviews [14] [15] [16] [17] , clinical evidence on the safety of AT has not been clearly established to date. Despite the increasing number of studies in recent years reporting harm data associated with AT, their results have not been systematically summarized. Up to now, there is no systematic review to evaluate the adverse events associated with AT. Therefore, the aim of this study was to evaluate the type and frequency of AT-related adverse events, to identify any avoidable adverse events associated with nonstandardized AT procedures, and to provide recommendations for future research and practice in this area.
Methods
A study protocol accompanied with a data extraction form was formulated and critically reviewed by two experts who were familiar with AT and systematic reviews before the initiation of the study.
Study Selection and Data Extraction.
Study characteristics and outcome data of each included article were extracted using the data extraction form, which included (1) first author, year of publication, study design, and setting; (2) participant characteristics (age, gender, sample size, diagnostic criteria, and reason for AT); (3) AT protocol (type of AT, practitioner, selected acupoints, type of AT equipment, and treatment duration); and (4) AT-related adverse events (type of adverse event, frequency, outcome, and causality). Study selection and data extraction were conducted by two reviewers independently, and disagreement was resolved through discussion.
Outcome Assessment.
Type and frequency of AT-related adverse events were the main outcomes of this study. The likelihood of causality and quality of adverse events reporting were also judged by two reviewers and checked by two experts specialized in AT and acupuncture.
For adverse events reported in case reports or case series, the likelihood of causality was judged by the WHOUppsala Monitoring Centre (UMC) System for Standardized Case Causality Assessment [19] . The likelihood was classified into six grades including the following: (1) certain: a plausible time relationship that adverse events clearly occurred after receiving AT and disappeared after withdrawal, and these events could not be explained by other health problems or interventions; (2) probable/likely: a reasonable time relationship that the onset of symptoms was most likely related to AT and that was unlikely attributed to other health problems or interventions; (3) possible: a reasonable time relationship that the onset of symptoms was most likely related to AT but that could also be explained by other health problems or interventions, and the information on AT withdrawal was lacking or unclear; (4) unlikely: there was an improbable time relationship between AT and the adverse event; (5) conditional/unclassified: event occurred but more Full-text articles included for analysis PubMed (n = 15); EMBase (n = 11); CENTRAL (n = 2); CINAHL (n = 1); AMED (n = 0); PsycINFO (n = 0); Web of Science (n = 0); SD (n = 0); FMJS (n = 0); CNKI (n = 10); WanFang (n = 4); VIP (n = 0); CBM (n = 0); Manual retrieval (n = 0) PubMed (n = 4284); EMBase (n = 1688); CENTRAL (n = 158); CINAHL (n = 163); AMED (n = 16); PsycINFO (n = 18); Web of Science (n = 30); SD (n = 7); FMJS (n = 295); CNKI (n = 520); WanFang (n = 747); VIP (n = 50); CBM (n = 34); Manual retrieval (n = 5) data were essential for a proper causality assessment; and (6) unassessable/unclassifiable: an adverse event was suggested by a report but cannot be judged due to insufficient or contradictory information [19] .
For clinical trials, the quality of adverse events reporting was assessed using the CONSORT for Harms Data Recommendations [20, 21] . Seven items were employed for assessment [17, 20, 21] : (1) report of data on harms in the title or abstract; (2) report of AT-related harms in the introduction section; (3) prespecification of potential adverse events of AT (clinical and/or laboratory); (4) specification of approach for collecting harm-related information; (5) description of plans for presenting and analyzing adverse events of AT; (6) description of participant withdrawals due to adverse events of AT; and (7) report of the particular denominators for analyses on AT-related harms. The quality of each item was judged as "adequate, " "partially adequate, " "inadequate, " or "not reported" accordingly [17] . It was rated as "adequate" if an item was properly described in detail in the article or in the study protocol; "partially adequate" was given if an item was properly described but only in a brief format; when an item failed to be properly described, the quality was judged as "inadequate"; and "not reported" meant an item was not described [17] . Evidence-Based Complementary and Alternative Medicine and another 6495 were further excluded after browsing the titles and abstracts. Full text of the remaining 333 records was retrieved for eligibility assessment, and 290 articles were finally excluded because they were reviews ( = 28), were study protocols ( = 5), were conference abstracts ( = 22), and were non-AT interventions ( = 34), and the adverse events were not reported ( = 201). Therefore, 43 studies were identified for final analysis. The flow chart of study selection is presented in Figure 1 .
Results

Characteristics of Analyzed
The analyzed studies included 32 randomized controlled trials, five uncontrolled clinical trials, four case reports, and two nonrandomized controlled trials, with a total of 3396 participants receiving AT treatment. Six studies were from the United States, five from Taiwan, four from Germany, three from Hong Kong, two from Australia, two from Austria, two from the United Kingdom, 15 from China, and one each from Malaysia, Canada, Sweden, and Spain. Four AT modalities were utilized including auricular acupuncture in 18 studies [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] , auricular acupressure in 21 studies [22] [23] [24] [25] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] , auricular electroacupuncture in three studies [61] [62] [63] , and auricular bloodletting therapy in one study [64] . AT was applied to deal with a variety of health problems such as drug dependence, smoking cessation, pain, constipation, insomnia, and obesity.
The clinical effectiveness of AT was descriptively summarized from the included 34 controlled clinical trials (randomized or nonrandomized) [26-32, 34-42, 44-50, 52-56, 58-63] , as the data synthesis was not available due to the significant clinical heterogeneity in the types of disease, AT protocols, and intervention durations among analyzed trials. Twenty-three studies reported significantly positive effect of AT for the primary and/or secondary outcomes between groups, while eight studies only detected favorable changes within the AT groups. Of the controlled clinical trials that employed auricular acupuncture, 93.8% (15/16) stated positive outcomes of AT between or within groups, whereas it was 93.3% (14/15) in studies using auricular acupressure, respectively. Two out of three trials on auricular electroacupuncture showed clinical effectiveness of AT. The majority (30 studies) described the person who administered AT including acupuncturist, TCM practitioner, physician, psychiatrist, therapist, and nurse. The selection of acupoints for treatment was based on the targeted health problem but shenmen was the most commonly referred acupoint which was used in 35 studies for treating various types of disorders. Table 1 presents AT-related adverse events reported in case reports. Four cases were located and the reported adverse events were dizziness in one case [22] , somnolence in two cases [23, 24] , and abdominal pain in one case [25] . No serious adverse events were identified. All cases were treated with auricular acupressure using vaccaria seeds, whereas only two [22, 23] specified the practitioner who administered AT (a physician).
Case Reports.
In Ye's report [22] , a 48-year-old woman with constipation experienced dizziness five minutes after receiving auricular acupressure. The symptom gradually disappeared after removing the taped seeds. In two other reports [23, 24] , two men (one was 41-year-old with lumbar muscle strain, and another was 43-year-old with dilated cardiomyopathy) reported drowsiness and somnolence at the 12th and 15th day, respectively, during the AT treatment. Their symptoms disappeared immediately after removing the taped seeds and reoccurred when seeds were taped again. Adverse events described in these three cases were assessed as probably/likely related to AT. In Ma's report [25] , a 58-year-old woman with chronic diarrhea suffered from abdominal pain 30 minutes after receiving auricular acupressure, and the symptom disappeared immediately after removing the taped seeds. The author described it as a rare event caused by AT and the causality was assessed as possible. Table 2 presents AT-related adverse events reported in clinical trials. For the quality of adverse events reporting, the overall results were not optimal. Twenty studies adequately or partially adequately described adverse events in the title and/or abstract (51.3%), whereas there were only nine studies appropriately describing safety issues of AT in the introduction (23.1%). AT-related adverse events were seldom prespecified (17.9%), and 16 studies properly described approaches for adverse events data collection such as investigator observation, questionnaire, or self-report (41.0%). Only six studies properly described plans for presenting and analyzing adverse events (15.4%). Twelve studies adequately or partially adequately reported whether there were any subjects that withdrew due to adverse events of AT (30.8%), and 13 studies appropriately described the denominators for analyzing adverse events (33.3%).
Clinical Studies
Quality of Adverse Events Reporting.
Auricular
Acupuncture-Related Adverse Events. Auricular acupuncture-related adverse events were reported in 18 clinical studies [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] with a total of 1753 participants receiving AT ( Table 2 ). Duration of treatment varied among studies and 10 studies offered AT for more than three weeks. The most frequently reported adverse events were tenderness or pain at the needling site, dizziness, discomfort at the needling site, local bleeding, nausea, headache, and inflammation at insertion. Most of these events were transient, minor, and tolerable.
Eleven studies reported 134 cases complaining of local pain and tenderness at the needling site. AT was performed by acupuncturist in eight studies [27, 31, 32, 34-36, 38, 39] , by psychiatrist and nurse in two studies [37, 41] , and by physiotherapist in one study [28] . Forty-three cases withdrew due to pain but the majority could tolerate AT and completed the treatment. Two studies [32, 35] did not take any measures to decrease adverse events and symptoms gradually declined, and one study [41] stopped AT temporarily or reduced treatment frequencies to deal with local pain.
Twenty-five cases in eight studies reported minor bleeding at insertion. AT was administered by an acupuncturist in five studies [27, 35, 38, 40, 42] , by psychiatrist and nurse in two studies [37, 41] , and by physiotherapist in one study [28] . Bleeding often happened during inserting and/or withdrawing the needle and stopped soon without any treatment. The WHO-Uppsala Monitoring Centre (UMC) System for Standardized Case Causality Assessment: certain-a plausible time relationship that adverse events clearly occurred after receiving AT and disappeared after withdrawal, and these events could not be explained by other health problems or interventions; probable/likely-a reasonable time relationship that the onset of symptoms was most likely related to AT and that was unlikely attributed to other health problems or interventions; possible-a reasonable time relationship that the onset of symptoms was most likely related to AT but that could also be explained by other health problems or interventions, and the information at withdrawal was lacking or unclear; unlikely-there was an improbable time relationship between AT and the adverse event; conditional/unclassified-event occurred but more data were essential for a proper causality assessment; unassessable/unclassifiable-an adverse event was suggested by a report but cannot be judged due to insufficient or contradictory information.
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Evidence-Based Complementary and Alternative Medicine AT: auricular therapy, AE: adverse event, RCT: randomized controlled trial, R: reason for AT, PTSD: posttraumatic stress disorder, P: practitioner, LHRH: luteinizing hormone releasing hormone, and TCM: traditional Chinese medicine.
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The CONSORT Recommendation for AEs: (1) report of data on harms in the title or abstract, (2) report of AT-related harms in the introduction section, (3) prespecification of potential adverse events of AT (clinical and/or laboratory), (4) specification of approach for collecting harms-related information, (5) description of plans for presenting and analyzing adverse events of AT, (6) description of participant withdrawals due to adverse events of AT, and (7) report of the particular denominators for analyses on AT-related harms. Quality grades for each item: adequate-item was properly described in detail in the article or in the study protocol; partially adequate-item was properly described but only in a brief format; inadequate-item failed to be properly described; not reported-item was not described.
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Seven studies [27, 29, 30, 35, 36, 42, 43] reported 51 cases experiencing dizziness after receiving auricular acupuncture; one study was conducted by a TCM practitioner [43] and one by an investigator with acupuncture diploma [29] , while all others were carried out by acupuncturists. One study [35] took no action for dizziness and the symptom gradually disappeared, and three studies [36, 42, 43] reported that dizziness disappeared after removing the auricular stimulation, and only one case withdrew due to dizziness. Minor nausea was reported in five studies (22 cases). AT was provided by an acupuncturist in four studies [27, 35, 36, 42] and by a TCM practitioner in one [43] . Three studies [36, 42, 43] stated that nausea subsided after withdrawing the ear stimulation, one study [35] did not take any action, and the symptom gradually declined, whereas one study [27] failed to report the outcome. Two studies [27, 38] (AT performed by acupuncturist) reported 18 cases developing minor headache after AT, one did not report the outcome [27] , and another stated that headache was resolved afterwards [38] .
Two studies reported two cases experiencing minor inflammation (swelling or redness) around the needling site. AT was administered by an acupuncturist [31] and a physiotherapist [28] , respectively. One study [28] stated that the subject who complained of swelling concealed a history of rheumatoid arthritis, which belonged to one of the exclusion criteria of that study. Twenty-seven cases in two studies [26, 29] reported discomfort or a strange feeling at insertion and one case withdrew. Only one study [35] reported minor infection around the needling site in one case and the condition gradually improved.
In addition, there were some other adverse events reported in a single study, including slight fever (19 cases) and dry mouth (15 cases), which focused on methadone maintenance treatment (MMT) for drug-dependent persons [27] . Transient exacerbation of vasomotor symptoms (2 cases) was found in one study which focused on the vasomotor symptoms associated with luteinizing hormone releasing hormone agonist treatment in prostate cancer patients [33] . Upper limb numbness was mentioned in one study [43] and it was resolved immediately after removing stimulation of acupoint "sympathetic. "
Auricular Acupressure-Related Adverse Events.
Auricular acupressure-related adverse events were reported in 17 clinical trials [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] (Table 2) . A total of 1266 participants were treated with auricular acupressure (true or sham intervention) and the majority employed vaccaria seeds and/or magnetic pellets performing acupressure. More than half of the studies provided AT for no less than two weeks. The commonly reported adverse events were local skin irritation, discomfort, tenderness or pain at the taped site, and dizziness, and most of them were also mild, short-term, and well tolerated.
Thirteen studies [45, [47] [48] [49] [50] [53] [54] [55] [56] [57] [58] [59] [60] reported 63 cases suffering from local skin irritation with itchiness, allergy, or redness after receiving auricular acupressure. Only half of the studies specified the professional conducting AT, which include acupuncturist in two studies [53, 60] , TCM practitioner in two studies [50, 58] , therapist in one study [48] , and nurse in the other one [54] . Skin irritation was mostly attributed to the adhesive tapes. However, there was one study [57] reporting several subjects who were allergic to magnetic pellets. Seven cases withdrew due to skin irritation, and five cases changed adhesive tape to desensitization material and treatment continued, and those subjects who were allergic to magnetic pellets switched to vaccaria seeds and symptoms disappeared. Itchiness spontaneously subsided in 25 cases, and three cases recovered after treatment, while others tolerated well these symptoms and continued to complete treatment.
Three studies [51] [52] [53] reported tenderness or pain at the taped site (16 cases), and only two [51, 53] specified the AT practitioner (acupuncturist). No subjects withdrew, but one study [52] reported five cases experiencing obvious ear pain when receiving AT for the first time, and symptoms were relieved after reducing the pressing frequency and intensity of the taped seeds.
Two studies [46, 53] reported mild to moderate discomfort at the taped site (35 cases). Apart from one case that withdrew, others tolerated well the discomfort. Another two articles [45, 46] reported three cases experiencing minor dizziness during AT treatment and one subject withdrew. In one study [54] in which AT was administered by a nurse (the author did not declare whether the nurse had received any training in AT), ear skin breakdown was recorded in one subject, and the skin recovered two days later after using entoiodine. One study [44] reported pressure ulcers in the pinna in 18 subjects after receiving auricular acupressure and all ulcers healed within 10 days after removing the tapes.
Auricular Electroacupuncture-Related Adverse Events.
Three articles [61] [62] [63] reported adverse events of auricular electroacupuncture (Table 2) , which included 203 participants treated with true or sham AT. Treatment duration ranged from five to six weeks. Two studies described AT practitioners including a doctor with acupuncture experience in one [63] and nurse in another [62] . Reported adverse events included discomfort and pain at insertion and local skin irritation. All reactions were mild and tolerable.
Two studies [62, 63] mentioned two cases complaining of discomfort at the needling site but the outcome was not reported. One study [61] reported mild ear skin irritation in eight cases, and the author explained it was induced by the adhesive patch of the P-stim or placebo device. Skin irritations were resolved immediately after AT. One study [63] found one case experiencing pain at the needling site but no outcome was reported.
Auricular Bloodletting Therapy-Related Adverse Events.
There was only one study [64] using auricular bloodletting therapy and 170 subjects were included. Two cases reported minor infection at the needling site but the outcome was not described.
Discussion
Our findings provide preliminary evidence that AT is a relatively safe approach in routine practice. The most frequently reported adverse events were mainly confined to shortterm, mild, and tolerable reactions such as local discomfort, transient tenderness and pain, local skin irritation, minor bleeding, and dizziness. Some of them are potentially avoidable, and no serious adverse events were detected. However, the clinical practice of AT still needs caution because some adverse events like dizziness, somnolence, and infection could also result in serious negative outcomes. Meanwhile, the quality of adverse events reporting should be improved in future research and related guidelines such as the Guidelines for Case Reports of Adverse Events Related to Acupuncture [65] , and the CONSORT for Harms Data Recommendations [20] should be followed.
Complementary therapeutic approaches such as body acupuncture, moxibustion, cupping, and AT have been widely used in dealing with a variety of disorders. Apart from the increasing emphasis on their therapeutic effects, safety of these interventions also received wide attention. The safety of body acupuncture has been well summarized in the literature and a number of serious adverse events have been identified including pneumothorax, hepatitis, staphylococcus infection, and central nervous system injuries [14] . Adverse events of moxibustion were also systematically analyzed and some rare but dangerous events, for instance, burns, cellulitis, ecchymoma, and hepatitis C, were reported [14, 16] . In a recent systematic review [17] , cupping-related adverse events reported in South Korea were investigated, and anemia, herpes viral infections, and skin lacerations were identified. In our findings, no serious adverse events of AT were reported and the reactions were mostly transient, mild, and tolerable. Based on our findings, the safety of AT seems superior to other traditional therapies such as body acupuncture, moxibustion, and cupping.
Various adverse events were identified in studies using auricular acupuncture, of which dizziness was one of the most commonly reported symptoms. Similar reports can also be found in body acupuncture [66] [67] [68] , which viewed dizziness as mild symptoms of acupuncture-related fainting. This may be because of transient hypotension, as acupuncture stimulation through the peripheral vagus nerve reflex could dilate the peripheral blood vessels and reduce venous return [68, 69] . As a result, decreasing in the brain blood supply induces transient hypotension and causes symptoms such as dizziness and weakness [68, 69] . Dizziness was often seen in people who received AT for the first time, especially for those who felt anxious or nervous before treatment and for those with extremely weak condition or with hypoglycemia [12] . Although dizziness is generally mild and can spontaneously subside, potential risks associated with it still need caution, especially when applying AT in community or in clinical settings. Most clients there would leave the clinic immediately after finishing AT, and if dizziness occurs afterwards, accidental falls might happen. AT practitioners should pay attention to this issue, particularly for those elderly patients with osteoporosis.
As an invasive approach, auricular acupuncture may also lead to some infections. But from our findings, only one case was found with minor infection at insertion, and no serious infections such as chondritis, cellulitis, and hepatitis were detected. This finding is inconsistent with Norheim's study [70] which indicated that auricular chondritis was a commonly reported infection in patients receiving acupuncture on the ear. The infected cases came from the literature published 20-30 years ago, and the author concluded that the hygienic problem, such as insufficient needle skin disinfection, partially contributed to these infections [70] . Unqualified sterilization and disinfection for either skin or needle equipment may be one of the crucial risk factors for acupuncture-related infections at that time. In our analyzed studies, the needles used in AT were generally sterilized and disposable, and the ear skin was mostly reported well disinfected. The gradually improved awareness of strict hygienic procedures during AT could be one of the reasons for the low incidence of infection identified in our review. However, practitioners also need to prudently use this approach on clients with poor wound-healing capacity, such as patients with diabetes mellitus, extremely weak status, or immunocompromised disorders [13] , as potentially local damage could result in some nonhealing wounds or even systemic infections. Considering these circumstances, other noninvasive AT modalities such as auricular acupressure could be adopted instead.
It is worth noting that there were several rare adverse events reported in one trial in which the intervention group received AT plus MMT while the control group received MMT only [27] . The author claimed that dry mouth and slight fever were AT-related adverse events. However, dry mouth is a general side effect of methadone [71] , and sometimes fever is considered as one of the opioid withdrawal symptoms during the induction phase of MMT [72] . Unfortunately, the author did not measure methadone treatmentrelated side effects; therefore, comparison of reported adverse events between groups and causality assessment became impossible. It is difficult for us to distinguish whether these symptoms are caused by AT because the time relationship between symptom onset and the administration of AT was not reported, and the information on dechallenge and/or rechallenge was lacking.
Comparing with auricular acupuncture, auricular acupressure is noninvasive and much easier to access. In addition to qualified AT practitioners, auricular acupressure is also widely conducted by other healthcare professionals or even unqualified persons [12] . In our analyzed studies, auricular acupressure was administered by acupuncturists, TCM practitioners, physicians, therapists, and registered nurses; however, more than half (52.4%) of the studies employing auricular acupressure failed to specify the person who performed AT, which made us unable to analyze whether there were any potentially avoidable adverse events caused by unqualified practitioners. In terms of the risk-benefit balance, either auricular acupuncture or auricular acupressure showed positive effects in managing a variety of health problems in our analyzed studies. However, for the adverse events, cases of local pain and dizziness were much less in auricular acupressure studies compared with those identified in studies on auricular acupuncture, and there were no bleeding and infection reports related to auricular acupressure. According to our findings, it seems that auricular acupressure is superior to other invasive AT approaches regarding its safety and convenience.
Adverse skin reactions, such as itchiness, redness, or allergy, were the most frequently reported adverse events in auricular acupressure, and the majority were associated with the adhesive tape used for taping acupressure seeds, while there were also some rare reports that skin irritation was caused by allergy to magnetic pellets. Despite the frequent complaints on skin irritations, these symptoms could be easily handled by changing adhesive tapes to desensitization textures or changing magnetic pellets to plant seeds. Dizziness was also reported in auricular acupressure, but the frequency was much lower than that reported in auricular acupuncture. In one case report [22] , the author analyzed that dizziness might be due to the continual stimulation of the sympathetic nerve fibers wrapped around the vasa labyrinthi which could narrow blood vessels and reduce labyrinth's blood supply and, hence, lead to transient loss of orientation. This indicated that dizziness might be partially managed by reducing the frequency and intensity of acupressure.
Two case reports mentioned somnolence or drowsiness caused by auricular acupressure; the author in one study explained that it might be because of the long-term manipulation of the taped seeds inhibiting the normal functions of the autonomic nerve [23] . These kinds of symptoms were also reported in body acupuncture treatment [66, 73] , and the activation of central 5-hydroxytryptamine (5-HT) pathways from the raphe nuclei may partially be involved in the onset of drowsiness after receiving acupoint stimulation, where stimulation of the raphe nuclei and the 5-HT secretion could contribute to the symptoms of fatigue, tiredness, and drowsiness [74, 75] . AT practitioners should attach importance to these reactions as somnolence or drowsiness could lead to some dangerous outcomes such as drowsiness-related motor vehicle crash. It is noteworthy that one study [44] reported 18 cases of pressure ulcers. Auricular acupressure in this study was administered by doctors and nurses who had received training in AT. Pressure ulcers were possibly caused by the long treatment duration and continual pressure. Participants in this study received weekly AT consecutively for 8 weeks; auricular implants were kept for seven days during each treatment and participants were asked to press them three times daily. No rest period was mentioned between each treatment and the continual stimulated auricle skin might have not had enough time to heal.
AT-related harms in auricular electroacupuncture and bloodletting therapy were all transient and mild. However, this review cannot ascertain the safety of these two modalities because only four studies with a limited sample size were included for analysis, and the methodological quality of adverse events reporting was unsatisfactory.
Several limitations were identified in our analyzed articles, which could affect the strength of the evidence concluded from our findings. Participant sample sizes included in this review were relatively small, and one-third of the analyzed studies failed to specify the practitioner conducting AT. Quality of adverse events reporting in included clinical trials was generally unsatisfactory, the majority did not prespecify AT-related adverse events, more than half failed to report approaches for collecting and analyzing adverse events, time relationship between the onset of symptoms and the administration of AT was not clearly described, and one-third failed to report outcomes of adverse events, all of which made it difficult to evaluate the causality of adverse events reported in clinical trials. Also, it is noted that several types of needles were utilized in studies on auricular acupuncture, and some adverse events may be associated with the variations on the length and thickness of particular AT needle, depth of insertion, and the frequency and intensity of manual pressing on the needled area. However, the information was described insufficiently in the analyzed studies, which inhibited us to judge whether there were any adverse events associated with particular types of AT equipment and procedure. Meanwhile, certain information such as the particular AT practitioner, patient's medical history, details of AT procedure and equipment, and the adverse events outcome also failed to be reported clearly in the included case reports. Moreover, there was a possibility that ATrelated adverse events were underreported because during the process of the literature sorting we found a great number of papers not including adverse events as the study outcome. In addition, case reports on AT-related adverse events were rare in the published literature which made us unable to access any new or previously unrecognized harms associated with AT.
This review itself also has some limitations. Although we have made efforts to retrieve all the relevant literature, the included studies were only English and Chinese articles, and language bias may occur. Meanwhile, as there is no specific tool for the causality assessment of adverse events reported in acupuncture (including AT) studies, we employed the tool developed by the WHO-UMC in this review; however, this tool is particularly designed for adverse drug reactions and some items might not be sensitive enough for evaluating acupuncture or AT-related adverse events. Furthermore, the originally designed outcome on the frequency of AT-related adverse events was finally not calculated, as the majority of the included literature only reported the absolute number of cases complaining of adverse events.
Implications for Future Research and Practice
This study has some implications for future research and practice. Firstly, invasive AT approaches such as auricular acupuncture (manual or electric), and bloodletting therapy, should be applied by qualified practitioners. Even for the one administering noninvasive AT like auricular acupressure, receiving AT training from a qualified practitioner before application is essential because nonstandardized practice could create more unintended harms to patients. Secondly, the patients' condition needs to be well assessed before applying AT. Practitioners should identify beforehand if any clients are allergic to steel needles, adhesive tapes, magnetic pellets, or other AT materials. For weakened or elderly patients undergoing AT, semireclining position should be adopted to prevent potential harm induced by dizziness, and invasive AT should be applied with caution on patients with poor wound-healing capacity. Thirdly, the importance of patients' education should be emphasized, and the informed consent should be provided before AT. Patients need to be well informed about the potential risks associated with adverse events such as dizziness, somnolence, and drowsiness. Working at heights or driving should be avoided if patients are undergoing AT treatment. Fourthly, treatment duration and pressure intensity of AT need to be reasonably arranged. Patients should avoid putting excessive pressure on the implanted needles or taped seeds, and de qi sensation (a subjective feeling of numbness, pressure sensation, heaviness, soreness, or distension) could be adopted as an indicator of stopping pressure. For those receiving long-term AT treatment, a reasonable rest period between each treatment course should be provided. Moreover, for future case reports on AT-related adverse events, more details on the qualification of the practitioner, the targeted auricular acupoints, the AT equipment, the instruction on manual press, the position of the patient during AT, and the outcome of adverse events should be fully reported, and related guideline such as the Guidelines for Case Reports of Adverse Events Related to Acupuncture could be considered [65] . Lastly, prospective or retrospective surveys on AT-related adverse events are needed in future research to gather practitioner-reported and/or patient-reported outcomes. Future clinical trials on AT should include safety assessment as an important outcome measure, and related international guidelines such as the CONSORT for Harms Data Recommendations [20] should be followed to report and analyze AT-related adverse events.
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